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TWO-DIMENSIONAL WIND TUNNEL TEST 
OF AN OSCILLATING ROTOR AIRFOIL 
DATA REPORT 
(Volume 11) 
L. U . Dadone 
Boeing V e r t o l  Company 
SUMMARY 
An e x p e r i m e n t a l  i n v e s t i g a t i o n  w a s  conduc ted  t o  d e t e r m i n e  t h e  
q u a s i - s t e a d y  and uns t eady  c h a r a c t e r i s t i c s  o f  t h e  NLR 7223-62 a i r -  
f o i l ,  an advanced s e c t i q n  d e s i g n e d  f o r  h e l i c o p t e r  r o t o r  a p p l i c a -  
t i o n s .  The d a t a  were o b t a i n e d  w i t h  an a i r f o i l  model equ ipped  w i t h  
17 d i f f e r e n t i a l  t r a n s d u c e r s  and mounted i n  t h e  v a r i a b l e  d e n s i t y  
t es t  s e c t i o n  o f  a blow-down wind t u n n e l .  The test  equipment  and  
p rocedu re s  were s i m i l a r  t o  o t h e r  o s c i l l a t i n g  a i r f o i l  tests p r e v i -  
o u s l y  conducted i n  t h e  same f a c i l i t y .  
Quas i - s t e ady  p r e s s u r e  d a t a  were a c q u i r e d  a t  Mach numbers between 
M = 0.2 and 0 .9  w i t h  porous  f l o o r  and  c e i l i n g  ( 4 . 9 %  p o r o s i t y ) .  
Drag d a t a  were a c q u i r e d  a t  a l imited number o f  c o n d i t i o n s  w i t h  a 
wake - t r ave r s ing  p robe .  S t a t i c  and o s c i l l a t o r y  tests were t h e n  r u n  
w i t h  s o l i d  f l o o r  and c e i l i n g  a t  Mach numbers between M = 0 .2  and 
M = 0.7. 
The o s c i l l a t o r y  tes t  was r u n  a t  f r e q u e n c i e s  from 23 Hz t o  app rox i -  
ma t e ly  90 Hz, w i t h  a m p l i t u d e s  o f  o s c i l l a t i o n  r a n g i n g  f rom 2.5' t o  
10.0'. The t e s t  r e s u l t s  are p r e s e n t e d  i n  two volumes. The f i r s t  
volume documents t h e  t es t  p rocedu re  and  d i s c u s s e s  some o f  t h e  key 
r e s u l t s .  The second  voiume is a  d a t a  r e p o r t  and it c o n t a i n s  t abu -  
l a t i o n s  o f  a l l  s t a t i c  and o s c i l l a t o r y  d a t a .  
LIST OF SYMBOLS 
- 
Computer L i s t i n g  Tex t  - D e s c r i p t i o n  
AERO DAMP symbol f o r  [2rr2 f D ( h a )  2 ] - 1  4 6 ~ m d a ,  
work-per-cycle  c o e f f i c i e n t  
ALPHA a  a i r f o i l  a n g l e  o f  a t t a c k ,  deg  
ALP HA * NMAX a i r f o i l  a n g i e  o f  a t t a c k  a t  maximum 
v a l u e  o f  normal  f o r c e  d u r i n g  a  c y c l e  
o f  o s c i l l a t i o n ,  deg  
Computer L i s t i n p  Text  
ALPHA- o a o 
CN ( MAX 1 
DCP 
DEL ' ALPHA 
DRIVE HZ 
K 
MACH NO. 
n  PHI 
mean a n g l e  of a t t a c k  d u r i n g  e s c i l l a -  
t i o n  c y c l e ,  deg 
a i r f o i l  chord ,  m 
a i r f o i l  d r a g  c o e f f i c i e n t  
(d r ag  f  o r c e / u n i  t span )  /q,c 
a i r f o i l  p i t ch ing -monen t  c o e f f i c i e n t ,  
( p i t c h i n g  moment/unit span)/q,c2 
maximum magnitude of  p i tch ing- r .2ment  
c o e f f i c i e n t  a t t a i n e d  d u r i n g  o s c i l l a -  
t i o n  
a i r f o i l  normal f o r c e  c o e f f i c i e n t ,  
(normal f o r c e / u n i t  span)/q,c 
maximum magnitude of  no rma l - fo rce  
c o e f f i c i e n t  a t t a i n e d  d u r i n g  
o s c i l l a t i o n  
d i f f e r e n t i a l  p r e s s u r e  c o e f f i c i e n t ,  
A p/q, 
ampl i tude  o f  p i t c h i n g  motion,  deg 
d r i v e  f requency  o f  a i r f o i l  motion 
i n  p i t c h ,  He r t z  
reduced f requency  , n f  c / V  
Mach number 
computer symbol f o r  phase l e a 3  of  
r e sponse  w i t h  r e s p e c t  t o  f o r c i n g  
motion f o r  t h e  n t h  harmonic,  deg 
t u n n e l  test  s e c t i o n  t o t a l  p r e s s u r e ,  
~ / m ~  ( l b / i n 2 )  
dynamic p r e s s u r e ,  d e f i n e d  a s  % p v 2 ,  
~ / m '  ( l b / f t 2 )  
magni tude of r e s u l t a n t  f o r  t h e  n t h  
harmonic 
Reynolds number based  on a i r f o i l  chord  
Computer L i s t i n g  - Text  
TDR 
D e s c r i p t i o n  
r a t i o  of  t h e  work- 2 e r - c y c l e  coef f i- 
c i e n t  t o  t h e  t h e o r e t i c a l  v a l u e  
t es t  p o i n t  i d e n t i f i c a t i o n  
t u n n e l  v e l o c i t y ,  m/sec ( f t / s e c )  
x//c chordwise p o s i t i o n ,  measured from 
t h e  l e a d i n g  edge as a f r a c t i o n  of 
t h e  chord  
SUMMARY OF TEST CONDITIONS 
QUASI-STEADY FLOW CONDITIONS 
1. F l c o r  and C e i l i n g  w i t h  4 . 9 %  P o r o s i t y  
1.1 P r e s s u r e s  and I n t e g r a t e d  Data 
Mach No. Page No. 
1 .2  Drag Data - See Table  I1 4 7  
2. Solid Floor and Ceiling 
Pressures and Integrated  Data 
Mach No. Rn x lo-= Page No. 
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TABLE I .  SUMMARY OF MODEL CHARACTERISTICS 
- 
A i r f o i l  S e c t i o n  
Model Span 
Model S c a l e  
Model Chord 
Th icknes s  R a t i o  
C o n s t r u c t i o n  
T r a n s d u c e r s  : 
Number T n s t a l l e d  
L o c a t i o n  i n  
P e r c e n t  Chord 
P r e s s u r e  Range 
Minimum N a t u i a l  
Frequency as 
I n s t a l l e d  
NLR 7223-62 (or NLR-1) 
0.3048m (12 i n c h e s ,  nomina l )  
1/4.23,  based on  a 0.68Gm (2.25 f t )  
f u l l - s c a l e  b l a d e  c h o r d  
0.162m (6 .38 i n . )  
8.6 p e r c e n t  
Machined from Maraging S t e e l  
K u l i t e  Model N o .  63-11967, D i f f e r e n t i a l  
1 7  
1 .01 ,  1 .99 ,  3.0, 4.91, 7 .37,  9 .91,  
14 .93 ,  19 .99 ,  24.97,  29.98,  39.31,  50.07,  
60.05,  70.09,  80.02,  89 .96 ,  96 .91  
+ 5 . 1 7 ~ 1 0 ~  ~ / m '  (+ 75 p s i )  f rom 1 t o  5 
- 
p e r c e n t  cho rd  
+ 3 . 4 5 ~ 1 0 ~  ~ / m ~  (+ 50 p s i )  f rom 7.5 t o  97 
- 
F e r c e n t  c h o r d  
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DATA 
TYPE x/c 
AIRFOIL NLR 7223-62 
STEADY FORCES AND MOMENTS 
FLOOR AND CEILING WITH 4.9% 
POROSITY 
ALPHA -10 .1  -8.68 -7.24 -5.72 -4.36 -3.01 
CN -0.638 -0.579 -0.491 -0.407 -0.293 -0.159 
CM -0.024 -0.030 -0.039 -0.036 -0.034 -0.032 
DCP 1 .010. 
DCP 2 .020 
D C P 3  .030 
DCP 4 .049 
DCP 5 .074 
DCP' 6 .099 
DCP 7 . I 4 9  
DCP 8 .200 
DCP 9 .250 
DCP10 .300 
DCP11 .399 
DCP12 .SO1 
DCP113 .600 
DCP14 .701  
DCP15 .800 
DCP16 .900 
DCP17 .969 
ALPHA -1.643 -0.216 1 . 0 -  ' 2.458 3 . 8 3 1  5.197 
CN -0.039 0 .090 0.209 0 .3348  0.468 0.597 
CM -.030 -0.029 -0.026 -0.024 -0.023 -0.020 
DCP 1 , 010  
DCP 2 .020  
DCP 3 .030 
DCP 4 .049 
DC2 5 , 0 7 4  
DCP 6 .099 
DCP 7 . I 4 9  
DCP 8 ,200  
D C P 9  , 2 5 0  
DCPlO .300 
DCPl l  .399 
DCP12 .SO1 
DCP13 .600 
DCP14 . 7 0 1  
DCP15 .8CO 
DCP3.6 , 3 0 0  
DCY17 .969 
DATA 
TYPE X/C 
AIRFOIL NLR 7223-62 
STEADY FORCES AND MOMEN= 
FLOOR AND CEILING WITH 4.98 
POR9S I TY 
ALPHA 6.564 7.920 9.291 10.65 12.185 13.53 
CN 0.725 0.856 0.986 1.099 1.224 1.327 
CEI -0.018 -0.015 -0.011 -0.008 -0.007 - 
DCP 1 . O l O  3.348 4.271 5.266 5.860 
DCP 2 0020 - - - - 
DCP 3 .030 2.568 3.166 3.753 4.304 
DCP 4 .049 2.340 2.843 3.326 3.787 
DCP 5 ,074 2.005 2,395 2.780 3.148 
D C P 6  .099 1.821 2.149 2.469 2.765 
DCP 7 -149 1.382 1.640 1.876 2.090 
DCP 8 .200 1.109 1.300 1. 504 1.675 
DCP 9 .250 0.946 1.113 1 .273 1.430 
DCPlO ,300 0.879 1 .018 1 .143 1.264 
DCP11 -399 0.695 0.797 0.899 0.999 
DCPl2 -501  0. 503 0.578 0.662 0.735 
DCP13 -600 0.414 0.475 0.527 0.577 
DCPl4 .701 0.399 0.438 0.477 0.497 
DCP15 .800 0.218 0.238 0.258 0.268 
DCP16 .900 -0.081 -0.071 -0.051 -0.051 
DCP17 .969 0.209 0.230 0.221 0.181 
ALPHA 14.85 16.19 17 .53  18.88 20.14 
CN 1.407 1.069 0.971 0.982 1.056 
CM 0.002 -0.059 -0.070 -0.064 -0.079 
DCP 1 
DCP 2 
DCP 3 
DCP 4 
DCP 5 
DCP 6 
DCP 7 
DCP 8 
DCP 9 
DCP 10  
DCP 11 
DCP12 
DCP 1 3  
DCPl4 
DCP15 
DCP16 
DCP17 
DATA 
TYPE x/C 
AIRFOIL NLR 7223-62 
STEADY FORCES AND MOMENTS 
FLOOR AND CEILING WITH 4.9% 
POROSITY 
ALPHA -9.78 -8.46 -7.12 -5.73 -4.369 -3.00 
CN -0.665 -0.582 -0.553 -0.448 -0.323 -0.192 
CM -0.012 -0 .031 -0.031 -0.030 -0.028 -0.026 
DCP 1 
DCP 2 
DCP 3 
DCP 4 
DCP 5 
DCP 6 
DCP 7. 
DCP 8 
DCP 9 
DCP 1 0  
DCP 11 
DCP12 
DCP 1 3  
DCP 1 4  
DCY 1 5  
DCP 1 6  
DCP 17 
ALPHA -1.64 -0.24 1 . 1 4  2.50 3.88 6.62 
CN -0.059 0 .075  0 .204 0 .341  0 .480  0.742 
CM -0.024 -0 .023 -0.022 -0 .021 -0.020 -0.016 
DCP 1 .010 -1.69 
DCP 2 .020 - 
PCP 3 .030 -0.795 
X P  4 .049 -0.427 
DCP 5 , 0 7 4  -0.2105 
DCP 6 .099 -0.062 
D C P 7  .149 -0.059 
DCP 8 .200  -0.062 
DCP 9 0250 -0.049 
DCPlO .300 0 .003  
DCP11 .399 0.022 
X P 1 2  .501  -0.015 
K P 1 3  .600 0.016 
DCPl4 . 7 0 1  0.123 
DCPlS - 8 0 0  0 . 0 5 1  
DCP16 .900 -0.117 
DCP17 .969 - 
DATA 
TYPE 
ALPHA 
CN 
CM 
DCP 1 
DCP 2 
DCP 3 
DCP 4 
DCP 5 
DCP 6 
bCP 7 
DCP 8 
DCP 9 
DCP 1 0  
DCP 11 
DCP12 
DCP13 
DCPl4 
DCP 1 5  
DCP16 
DCP17 
ALPHA 
CN 
CM 
DCP 1 
DCP 2 
DCP 3 
DCP 4 
DCP 5 
DCP 6 
DCP 7 
DCP 8 
DCP 9 
DCP 1 0  
DCR 11 
DCP 1 2  
DCP 1 3  
DCP 14 
DCP15 
DCP 16 
DCP17 
1 6  
AIRFOIL NLR 7223-62 
STEADY FORCES AND MOMENTS 
FLOOR AND CEILING WITH 4.9% 
POROSITY 
12.27 
1.244 
-0.002 
7 .051 
- 
4.994 
4.331 
3.601 
3.115 
2.340 
1 .905  
1 . 6 1 3  
1 .390 
1 .115 
0.827 
0.625 
0 .541 
0.283 
-0.017 
- 
20.19 
0.980 
-0.070 
1.936 
- 
1.606 
3.238 
2.419 
1 .967  
1 . 7 3 6  
1.286 
1 .117  
1.050 
0.984 
0.853 
0.747 
0.749 
0 .621 
0.302 
- 
i: DATA 
TYPE 
ALPHA 
CN 
CM 
DCP 1 
DCP 2 
DCP 3 
DCP 4 
DCP 5 
DCP 6 
DCP 7 
DCP 8 
DCP 9 
DCP 1 0  
DCP 11 
DCPl2 
DCP 1 3  
DCP 1 4  
DCP15 
DCP16 
DCP17 
AIRFOIL NLR 7223-62 
STEADY FORCES AND MOMENTS 
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A two-dimensional wind tunnel test was conducted to obtain the quasi- 
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airfoil desig.?ed for helicopter rotor applications. 
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and discussed in Volume I. A systematic tabulation of test results 
is presented in Volume 11. 
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